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résumé. — Les ripisylves en écosystème de savane soudanienne : le cas du Togo. — La présente étude 
a été conduite principalement dans les ripisylves des aires protégées de la zone septentrionale du togo. elle 
vise à évaluer et à décrire la diversité des ligneux particulièrement celles des forêts ripicoles tout en prenant 
en compte l’évaluation de leur structure. elle vise également à mettre en relief les facteurs environnemen-
taux qui influenceraient la distribution des espèces. À cet égard, 170 relevés d’inventaire floristique ont été 
effectués dans toute la zone dans le but d’identifier les principaux types de végétation. Cette identification 
a été possible grâce à une ordination en gradient (detrended correspondence analysis (DCA)). Quatre types 
de végétation ont été décrits à l’issue de cette analyse. ensuite, la recherche a été focalisée sur les ripisylves 
où 62 relevés d’inventaires forestiers ont été effectués le long des rivières Koumongou, Gambara et Kom-
koumbou. Les données acquises de ce nouvel échantillonnage ont été soumises à une analyse floristique, 
suivie d’une analyse de corrélation de structure (diamètre et hauteur) ainsi qu’à une analyse spatiale des 
activités humaines. dans les forêts ripicoles 61 espèces ligneuses appartenant à 25 familles ont été identi-
fiées. Les mésophanérophytes, les microphénerophytes, les espèces Soudano-Zambéziennes et les espèces 
Soudaniennes dominent le cortège floristique. Malgré la destruction et la dégradation des ripisylves, nette-
ment observable dans les endroits où la pression humaine est importante, les forêts ripicoles présentent, dans 
leur ensemble, une croissance stable d’un point de vue structural. Les Fabaceae, Combretaceae, Rubiaceae, 
anacardiaceae, et moraceae représentent les familles importantes dans la zone prospectée, cependant ce 
potentiel en ressource floristique est presque menacé par des activités humaines telles que l’agriculture, le 
pâturage, les feux de brousse et la coupe de bois. La restauration écologique des berges déboisées s’avère 
nécessaire dans le cadre d’un programme du reboisement participatif par les essences natives à court terme, 
lequel programme pourra être supplémenté d’un plan global de conservation et de restauration de cet éco-
système en danger.
summary. — this research was conducted mainly in the riparian and stream forest in northern togo 
protected areas. It aims to assess and to describe trees’ biodiversity especially those of riparian forest inclu-
ding their tree plant community structure assessment. It also aims to find out the environmental factor which 
influences the species distribution. In that regard, 170 forest plots were set in the whole zone to identify the 
major vegetation types via the ordination analysis (detrended correspondence analysis). For this step, four 
types of wood vegetation were described. After that, the study was focused on the riparian ecosystem where 
62 forest plots were set up along the rivers Koumongou, Gambara and Komkoumbou. This new batch of data 
was subjected to floristic analysis, structure (diameter and height) correlation analysis and spatial analysis 
of human activities. The results showed that 61 tree species belonged to 25 families in the riparian forest. 
The species were absolutely dominated by mesophanerophytes, microphanerophytes, Sudano-Zambezian 
and Sudanian species. In spite of its destruction and degradation which is observed in the places with high 
human pressure, the riparian forest still presents a stable growth based on the structure feature. Fabaceae, 
Combretaceae, Rubiaceae, Anacardiaceae, and Moraceae were listed as important families in the areas, but 
this potential floristic resource was almost threatened by activities such as farming, pasture, burning, and 
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tree cutting. The ecological restoration of the bank is needed through the program of participative afforesta-
tion, and re-vegetation of the destroyed zone by native species in short term; and implemented with a global 
plan of conservation of this endangered ecosystem. 
The riparian forests remain the ecosystem on the earth where biological diversity is 
not only high but dynamic in interaction with complex biophysical habitats (Naiman et al., 
1993; Jones III et al., 1999; Harper & Macdonald, 2001; Pettit & Naiman, 2005; Monadjem 
& Reside, 2008). Some of them constitute an important habitat for migratory species (Schoen-
berg & Randhir, 2010).
the gallery and stream ecosystems extend laterally from the active channel to the uplands, 
thereby including active floodplains and the immediate adjacent terraces. The riparian forests 
are also known as the interface between terrestrial and aquatic ecosystems (Helfield & Naiman, 
2001) and are useful for preventing flood, erosion, and removing some agricultural pollutants 
(Lowrance et al., 1995; Lowrance et al., 1997; O’Connor, 2001). The riparian corridor usually 
involves lush vegetation, and is associated to a typical fauna, which sharply contrasts with the 
adjacent dry forest and savannas in the tropical zone.
the rapid changes in land use, particularly in most west african countries have led to 
destruction and fragmentation of riverine forests. the tropical riparian forests which survived 
as elongated forest fragments along rivers are endangered ecosystems in tropical sudanian 
climate (Sharam et al., 2009; Sambare et al., 2011). The interest in stream forests is more 
linked to their wealth of resources, which are exploited by neighbouring rural communities to 
satisfy their basic needs and increase their incomes. The activities commonly done in the area 
are farming, tree cutting and carbonization, pasture and grazing, and harvesting of non-wood 
forest products (Ceperley et al., 2010). The resulting, heterogeneous and temporal or perma-
nent changing environment created by the over exploitation of resources provides complex 
choices of habitat selection for wild animals (Stefano et al., 2009).
in togo, especially in its most environmentally dry places, the riparian forests play many 
important roles in ecological maintenance, but they are subjected to the pressures mentioned 
above. They are assumed to be among the ecosystems that are most sensitive to changes in land 
use and future climate. There have been difficulties in achieving a consensual rehabilitation of 
the new re-demarcated protected area which in most cases is situated along the main rivers. in 
a similar vein, the pressure put by rural communities on these riparian forests is more catas-
trophic in the non-negotiated zone. A program of rehabilitation of this endangered ecosystem 
is needed through a framework of ecological restoration and afforestation in the rivers’ bank 
followed by the participative ecosystem conservation.
For eventual management of the riparian forests which seem to be a great concern for autho-
rities and planners, a careful analysis of riparian and stream vegetation biodiversity and their 
structure associated with the major disturbances which they faced is needed. The find out of these 
analyses could be greatly involved in the definition of the ways and the priority axis for the mana-
gement. The present paper attempts to summarize the information about the major vegetation 
type present in northern Togo savanna ecosystem. It particularly aims at studying the biodiversity 
and describing the structure of the riparian forest which evolves in this savanna area.
MATERIALS AND METHODS
study area
The study area belongs to the Sudanian zone. Located between 11°N and 10°N and between 0°E and 1°E; this area 
corresponds to northern plains covered mainly with spiny and Combretaceae savannas with some shreds of riparian 
forests along Oti, Koumongou, Wapoti, Yaweni, Komkoumbou river’s banks. The principal geomorphological unit is 
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formed by a vast plain with 100 m of altitude (Poss, 1996). The South East edge of the study area is occupied by La 
Chaine des Dahomeyiens. The Eco-floristic zone 1 which belongs to the Volta basin is made up of sandstones, pelites 
and silica tillite, carbonates, chert, and shale’s. The soil in this region is dominated by leached ferruginous soils covering 
hardpan. The vast plain is drained by a dense network of rivers; among them are Oti, Koumongou, Wapoti, Yaweni, 
Komkoumbou, and Gambara (Fig. 1). The zones investigated are mainly located in protected areas of northern Togo. 
These protected areas include the Forest Reserve of Barkoissi (01/01/1954; 2000 ha and IV/IUCN), the Natural Reserve 
of Galangashi (14/09/1954; 7500 ha and III/IUCN), and the National Park of Oti-Keran (25/04/1977; 179550 ha; 
II/IUCN and RAMSAR) (Fig. 6) (IUCN/PACO, 2008). 
figure 1. — Location of study area.
The region is under a strong anthropogenic pressure and is influenced by the alternation of a long dry season and 
a short rainy season and belongs to Sudanese tropical climate. Temperatures are between 20 and 35°C through Mango 
meteorological station (Moussa, 2008). The main ethnic groups occupying this area include Gnande, Fulani, Lamba, 
Moba, Mossi, Ngamgam, Tamberma, Tchokossi, and Yanga.
their major activities are agriculture, pasture, transhumance, and harvest of forest products. the main crop species 
are sorghum, millet, peanut, cowpeas, maize, and yams. Livestock includes poultry, caprine, and sheep. 
data coLLection
Floristic data collection and pre-processing
One hundred and seventy floristic sample plots were installed in the survey areas during summer in 2009. Squares 
plots of 900m2 (30m × 30m) and rectangular plots of 500m2 (50m × 10m) were respectively designed outside of 
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watercourses areas and along rivers, and streams. The analysis and processing in presence/absence of the collected 
data allowed for the determination of the major components of the vegetation which characterizes this area (Fig. 2). 
The DCA (detrended correspondence analysis) was employed on the matrix (170 plots samples × 282 plant species) for 
this determination (Hill, 1979). The valuable information got from DCA output; the computed alpha diversity (species 
richness, Shannon-Weaver and Pielou Evenness diversity index) of the determined plant grouping and field observations 
(soil and topographic conditions) analyses enable to get a simplified view about riparian and stream plant community. 
The research was then focused on riparian forest for several reasons; among these ones their species richness, their 
particular ecological structure in the savanna. For the above mentioned reasons, riparian forests were almost perceived 
to be the best conserved and less subjected to disturbances.
In that regard, a second survey was conducted in March 2011 only within the riparian forest investigation. Among 
the 62 forest-sample plots established, all the trees species with a diameter at breast height (DBH) ≥ 10 cm were 
recorded. For a given tree species the number of individuals was counted. For individuals with DBH ≥ 10cm, both the 
height and the DBH were recorded. The number of suckers and seedlings of the tree species were noted for regeneration 
analysis purposes. The data about riparian forest were collected only by using the stretched plots of 500 m2 (50m × 10m) 
because of the linear structure of plants’ formations along the rivers. The plot size seems to be the minimum area in Togo 
because of its successful use during previous research (Kokou et al., 2005).
It is also important to emphasize that all the species recorded were identified following the APGIII official 
classification of the flora of Africa (African plant Database of the botanical garden of Geneva).
Human presence footmarks
The presence of human footmarks is a record of the legal or illegal activities done by the rural population living 
around the riparian forest. To link the anthropogenic activities to their significance in the study area, the features of 
environment were recorded before the assessment of the footprints. Among these features, soil structure and texture, 
topographic attributes and soil submersion /immersion were recorded. 
In the sample, the disturbances suspected to be caused by humans were recorded with their GPS coordinates. The 
inventoried activities include tree cutting, carbonization, bush burning, clearing, farming, and harvesting of non-wood 
forest products. 
rIPARIAN FOREST ECOLOGICAL AND HUMAN FOOTPRINTS DATA ANALYSIS
A principal component analysis (PCA) was applied to the matrix of presence/absence based on 62 samples 
plot × 61 tree species got from the riparian forest data pre-processing (Pearson, 1901). This analysis allowed the 
establishment of the spatial distribution of riparian forest tree species. It also enabled to find out the main environment 
factors which control this distribution. Through a basic descriptive statistical analysis of the same matrix, the variance, 
skewness, kurtosis and frequency values were computed for each species. The variance aimed to observe the dispersion 
phenomena around means while the skewness and kurtosis respectively, permitted to measure of the sidedness and 
pointedness/peakedness of the distribution of the species.
furthermore, the analysis of the forest structure was carried out to determine its natural growth dynamics. 
A regression analysis was carried out between the diameter and height of the trees with DBH ≥ 10cm. This regression 
analysis allowed observing the correlation which exists between the horizontal and vertical growth of the ligneous 
species inside the riparian community. This step of processing was achieved by tree species height and diameter 
histogram construction in order to get a clear synoptic view of these two parameters distribution.
the last analysis consisted of a spatial analysis via a small gis project. in this case, the geographical co-ordinates 
of the samples and anthropogenic footmarks were projected on a georeferenced map of the study area. 
The software CAP ® 2.15 (Community Analysis Package), Statistica and ArcGIS were utilized to process and 
analyse the data. 
resuLts
mAJOR VEGETATION TYPE 
The DCA ordination allowed the grouping of the 170 samples into four clusters (Fig. 2) 
which are well distributed in the factorial space delimited by axes 1 and 2 which together 
account for 93 % of the total variance. The major environmental gradient which influences the 
distribution of species appears to be soil moisture through water availability.
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Figure 2. — DCA showing the distribution of the major vegetation type (TV1: shrubby savanna, TV2: wooded 
savanna, TV3: dry forest and TV4: riparian forest).
axis 1 of the dca contrasts vegetation on less wet part of the hydromorphic soils on 
the left with vegetation on flooded soils on the right. Axis 2 properly expresses the soil and 
topographic gradient. So the distribution of the samples depends on water availability, soil, and 
landscape features.
the four major vegetation types are characterized as follows. 
Shrubby savanna 
This type of vegetation is mainly a graminaceous carpet dominated by 5-m high shrubs. 
55 floristic samples out of 170 belong to shrubby savannas. For all samples, 100 plant species 
were recorded with Shannon-Weaver and Pielou diversity indices respectively of 6.31 ± 0.0022 
and 0.86 ± 0.0003 bits. In this vegetation type, woody species family taxa are much spaced, 
allowing degraded herbaceous plants to cover the area which appears sometimes as naked 
ground. the frequent tree species in this area are Terminalia macroptera, Detarium microcar-
pum, Acacia polyacantha, Gardenia erubescens, T. laxiflora, Combretum glutinosum, Annona 
glauca, Pteleopsis suberosa, Strychnos spinosa, Securidaca longepedunculata and Sterculia 
setigera. This savanna which grows on clayey-sandy soils in a flat landscape is each year sub-
jected to fire pressure favourable to the establishment of the pyro-resistance taxon.
Wooded savanna
The wooded savannas are dominated by the following species: Pterocarpus erinaceus, 
Daniellia oliveri, P. suberosa, Sclerocarya birrea, T. macroptera, Crossopteryx febrifuga, 
T. laxiflora, D. microcarpum, Lannea barteri, Entada abyssinica, Vitellaria paradoxa, Par-
kia biglobosa and Tamarindus indica. The average height of trees is about 9.8 m. From this 
vegetation, 165 species were recorded through 90 samples. This kind of vegetation grows on 
a type of land made up of tropical ferruginous hydromorphic substrate, which is composed of 
clayey-sandy and clayey-muddy soils. For this vegetation, 6.38 ± 0.0022 and 0.88 ±0.0003 bits 
represent the shannon-weaver and pielou evenness diversity indices respectively. 
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Dry forest 
Only 6 samples among the 170 were found belonging to this type of vegetation. For both 
samples, 61 plant species were listed with 5.55 ± 0.0026 bits and 0.93 ± 0.0004 evaluated as 
shannon-weaver and pielou diversity indices. Anogeissus leiocarpa, Pterocarpus erinaceus, 
D. oliveri, Ziziphus mucronata, Trema orientalis T. laxiflora, Prosopis africana, Piliostigma 
thonningii, C. micranthum and Entada abyssinica remain the tree species common to dry forest 
and grown on evolved clayey, sandy and less drained soils. The mean tree height is 12.4 m.
Riparian forest
For the data collected in summer 2009, 13 floristic samples were determined as belon-
ging to riparian forest. in this type of vegetation, the following plant species are well represen-
ted: P. santalinoides, Cola laurifolia, Vitex madiensis, Mitragyna inermis, Eugenia kerstingii, 
Parinari curatellifolia, Diospyros mespiliformis, V. simplicifolia, Margaritaria discoidea, D. oli-
veri and Ficus capreaeifolia. The riparian forest is located on the banks of the meandering rivers 
of the savanna, and its width is about 50 m around the rivers. In the riparian forest which contains 
about 122 species, the average height of trees is 17.5 m. The diversity alpha of this type of vegeta-
tion is 6.40 ± 0.0021 bits and 0.92 ± 0.0003 respectively for the Shannon-Weaver index and Pielou 
evenness. the soils are almost deep and are composed of muddy, clayey and sandy soils.
riparian forest
Diversity
out of the 62 forest samples located along rivers, 61 tree species were listed which repre-
sents approximately one species per sample. The 61 species belong to 21 families among which 
Fabaceae, Combretaceae, Rubiaceae, Malvaceae, Anacardiaceae, and Moraceae were the most 
represented ones (Table I). Among the species recorded, Sudano-Zambezian and Sudanian 
species (56 %) which are associated with tropical Sudanian climate are most prominent in this 
floristic composition. Those linked to Guinean climate are also significant (13 %). The riparian 
forest is mainly dominated by microphanerophytes (50 %) and mesophanerophytes (37.7 %).
Figure 3 shows the distribution of the species plotted on the plane of the first two axes of 
the PCA. The first four axes of the ordination of the species data in factorial plan space account 
for 47.2 % of the total variance (Table II). Axis 1 with 55.19 as eigenvalue explains 22.4 % of 
the variance. This axis expresses well the water availability gradient. In other terms it explains 
the distribution of species around the rivers and stream bank (Fig. 3). The axis opposes on its 
left half the species which grow on the river bank to those on the right half which keep far from 
the bank. Axis 2 may express water saturation in the soils and topography gradient. The upper 
side of the axis is occupied by the species which grow almost on clay and muddy soils in the 
landscape subject to temporary and seasonal flooding. On the lower side of the same axis are 
distributed the species which grow in the adjacent area of the river bank where the topography 
of the landscape is not water-saturated. 
taBLe i
List of species recorded in the riparian forest
family species pt Lf
anacardiaceae Lannea barteri (Oliv.) Engl. sZ mph
Lannea microcarpa engl. & K. Krause sZ mph
Sclerocarya birrea (A.Rich.) Hochst. subsp. birrea at mph
araliaceae Cussonia arborea Hochst. ex a. rich. sZ mph
Bignoniaceae Kigelia africana (Lam.) Benth. subsp. africana sg mph
Stereospermum kunthianum cham. var. kunthianum sZ mph
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family species pt Lf
Cannabaceae Trema orientalis (L.) Blume pan mph
caparaceae Crateva adansonii DC. subsp. adansonii pal mph
celastraceae Gymnosporia buxifolia (L.) Szyszyl. sZ nph
celtidaceae Celtis integrifolia Lam. sZ mph
Chrysobalanaceae Parinari curatellifolia planch. ex Benth. sZ mph
Combretaceae Anogeissus leiocarpa (DC.) Guill. & Perr. pra mph
 Combretum acutum m.a. Lawson s Lmph
Combretum glutinosum perr. ex dc. sZ mph
Combretum micranthum g. don. s mph
Combretum molle r. Br. ex g. don. at mph
Combretum paniculatum vent. at mph
Pteleopsis suberosa engl. & diels pra mph
Terminalia schimperiana Hochst. sg mph
Terminalia laxiflora engl. & diels s mph
Terminalia macroptera guill. & perr. s mph
Ebenaceae Diospyros mespiliformis Hochst. ex a.dc. sZ mph
Fabaceae Acacia gourmaensis a.chev. s mph
Acacia polyacantha willd. sZ mph
Entada abyssinica Steud. ex a. rich. at mph
Entada africana guill. & perr. sZ mph
Parkia biglobosa (Jacq.) R. Br. ex g. don. pal mph
Prosopis africana (Guill. & Perr.) Taub. sZ mph
Cynometra megalophylla Harms gc mph
Daniellia oliveri (Rolfe) Hutch. & Dalziel sZ mph
Isoberlinia doka Craib &Stapf s mph
Piliostigma thonningii (Schumach.) Milne-Redh. s mph
Lonchocarpus sericeus (Poir.) Kunth ex dc. pra mph
Pterocarpus erinaceus poir. sZ mph
Pterocarpus santalinoïdes L’Hér. ex dc. pra mph
Lamiaceae Vitex doniana sweet at mph
Vitex madiensis oliv. sZ nph
malvaceae Cola laurifolia mast. sg mph
Sterculia setigera delile sZ mph
Grewia mollis Juss. s nph
Bombax costatum pellegr. & vuill. sZ mph
meliaceae Azadirachta indica A. Juss. pal mph
Khaya senegalensis (Desr.) A. Juss. sZ mph
moraceae Ficus capreaeifolia del. sZ mph
Ficus exasperata vahl. gc mph
Ficus sur forssk. sZ mph
myrtaceae Eugenia kerstingii engl. & Brehmer gc mph
phyllanthaceae Bridelia ferruginea Benth. pra mph
Margaritaria discoidea var. triplosphaera radcl.-sm. sg mph
rhamnaceae Ziziphus abyssinica Hochst. sZ mph
Ziziphus mucronata willd. pra mph
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family species pt Lf
Rubiaceae Argocoffeopsis rupestris (Hiern) Robbr. sg mph
Keetia multiflora (Schumach. & Thonn.) Bridson sZ nph
Crossopteryx febrifuga (Afzel. ex G.Don) Benth. sZ mph
Feretia apodanthera delile ssp. apodanthera sZ nph
Gardenia ternifolia schum. & thonn. pal nph
Mitragyna inermis (Willd.) K.Schum. sZ mph
Sarcocephalus latifolius (Sm.) E.A.Bruce at mph
sapotaceae Vitellaria paradoxa c.f.gaertn. s mph
strychnaceae Strychnos nigritana aker gc Lmph
Strychnos spinosa Lam. am mph
Figure 3. — PCA plot of the 61 trees species along axes 1 and 2.
taBLe ii
Summary of PCA analysis
parameter axis 1 axis 2 Axis 3 Axis 4
eigenvalue 55.1977 25.9915 18.619 16.6701
cumulative percentage variance of species data 22.39 32.94 40.49 47.26
In general, the distribution of the species in this area seems to obey mainly to soil and 
topography conditions in relation with water flow availability.
The species characterized by long eigenvector on the PCA plot represented both the most 
frequent and the most abundant species in the landscape. Table III shows these species with 
their explained variance through the pca. 
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taBLe iii
Statistical synthesis of the correlated species in the riparian forest
species variance skewness Kurtosis Relative Frequency (%)
V. madiensis 0.2094 0.9016 -1.206 29.03
T. orientalis 0.01613 7.497 55.1 1.61
P. santaloïdes 0.2475 -0.319 -1.929 58.06
P. erinaceus  0.1586 1.514 0.2977 19.35
P. curatellifolia 0.1375 1.797 1.252 16.13
M. inermis 0.216 0.8194 -1.35 30.65
M. discoidea 0.1261 1.966 1.897 14.52
F. capreaeifolia 0.08884 2.662 5.17 9.67
E. kerstingii 0.2517 0.1898 -1.995 45.16
D. mespiliformis 0.1777 1.28 -0.3668 22.58
D. oliveri 0.1483 1.648 0.7288 17.74
C. laurifolia 0.1142 2.16 2.709 12.9
C. integrifolia 0.1018 2.387 3.761 11.29
B. ferruginea 0.07536 3.006 7.152 8.06
A. leiocarpa 0.2221 0.7408 -1.474 32.26
The tendency of skewness coefficient in general is positive, which means that the species 
present an asymmetric distribution toward the right. Among the 61 species only P. santaloïdes 
(-0.319) presents an asymmetric distribution toward the left. It is characterized by 58.1 % as 
specific relative frequency.
For the kurtosis coefficient, the general tendency is positive and explains the peak dis-
tribution of species in the ordination plane. However, certain species such as V. madiensis, 
P. santaloïdes, M. inermis, D. mespiliformis and A. leiocarpa presented a relative crushed 
distribution because of the negative values of the coefficient. Their relative frequencies range 
from 22.6 to 58.1 % (Table III).
in the current study the species which present negative values of skewness and kurtosis 
coefficient are those which have a specific relative frequency higher than 22.6 %.
Structure
the majority of the woody species inside the riparian forest had a diameter that ranged 
between 2 and 30 cm (mean: 22.3 cm) and height that ranged between 2 and 12 m (mean: 
11.2 m). These facts are well represented and underlined in Fig. 4 where 10 to 20 cm and 5 to 
10 m classes showed the highest frequencies. 
Figure 4. — Diameter and height distribution in the riparian forest.
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The correlation between vertical and horizontal growth of woody species in the riparian 
forest community is showed on Fig. 5 which represents the positive relationship between mean 
diameter and mean height of the woody species (DBH ≥ 10cm). The regression coefficient R 
is equal to 0.76 while the R2 and adjusted R2 are 0.58 and 0.57 respectively. The calculated 
Fisher (F), and the alpha error (p), and standard error estimate were F = 82.006, p <0.00000, 
std. error of estimate: 10.57 in the riparian forest.
Figure 5. — Regression between average diameter and height in the riparian forest.
For the whole work 2447 seedlings and suckers were counted while 1043 individual 
trees with DBH≥10Cm were measured. This represents a regeneration rate of 188.7% with 
789.35 juveniles/ha. Eight species have at least 10 seedlings and suckers per hectare; among 
them can be quoted Eugenia kerstingii (267 juv./ha), Pterocarpus santaloïdes (261 juv./ha), 
Ficus capreaeifolia (75 juv./ha), Mitragyna inermis (62 juv./ha) and Combretum acutum 
(24 juv./ha) as the most representative.
This good proportion of juveniles (seedlings and suckers) in this type of vegetation seems 
to indicate a good potential for natural regeneration but it can also express good seeding pro-
cesses in the areas by the adult and mature tree species.
Human presence and need for management
The spatial distribution of the main activities done by rural communities along the rivers 
is presented on Fig. 6. The activities which contributed highly to the loss of the riparian forest 
in certain parts of the studied area were forest clearing associated to farming, grazing, bush 
burning and cutting (Fig. 7).
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Figure 6. Map showing the spatial distribution of human footmarks in the riparian forest.
Figure 7. Human activities recorded in the riparian forest: (a) farming (b) pasture (c) cutting (d) bush burning (e) 
carbonization (f) fuel wood stacked after cutting.
only few activities were recorded in the zone of the riparian forest, which already has 
the status of a formally protected area. This zone deals more with illegal bush burning and 
cutting down of trees. the riparian forest of the non-negotiated zone presented the impact of 
all aforementioned activities. Among these disturbances, the farming, followed by the cutting 
down of trees and the pasture, represent the important forest destroyer factors. Fig. 7 expresses 
more impact of these human disturbances on riparian forest growth and maintenance in this 
savanna ecosystem.
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discussion
The study allows the identification of four types of vegetation in this Sudanian savanna 
ecosystem. these kinds of vegetation are typical and represent the major feature of the vege-
tation component which can be met in this area (Segniagbeto & Akpamou, 2011). The same 
vegetation was described in the protected area of Oti-Mandouri, which extends more in the 
zone where the rainfall is less than that recorded in the present survey area (Dimobe, 2009). 
In the Sudanian tropical climate area of the neighbouring countries, these types of vegetation 
were also found, though with some small differences, most of which are linked to their defini-
tion (Kadeba, 2009).
Though the Tropical Guinean climate zone of Togo is dominated by Guinean savanna, the 
type of vegetation described above in the result section of this research can also be found. In 
this Guinean area vegetation not only possesses a high floristic richness but can also be asso-
ciated with an important number of forest species. This major difference could be explained by 
climatic and seasonal variations (White, 1983).
Riparian and stream forests are characterized on the one hand by a flood-dependent flora 
widely distributed in the tropical zone and on the other hand by many forest and savanna 
species (Natta, 2003). The number (61) of tree species recorded along the main rivers in our 
study is higher than those found in the stream forests of Eastern Central Benin (Idadjo, Monka, 
and Djabata) (Ceperley et al., 2010), in spite of the fact that our investigated area is less moist 
than the riparian forest area of eastern central Benin. in the gallery forest which grows in the 
South Sudanian climate sector (Burkina Faso), 162 species were recorded (Sambare et al., 
2011). This major difference in floristic richness may be due to the mode of data collection: the 
sampling area size and DBH used in Burkina Faso were respectively 1000 m2 (20 × 50 m) and 
DBH ≥ 5 cm, against 10 ×50 m and DBH≥ 10 cm in our study.
the composition and structure of riparian vegetation are dependent on the extent, dura-
tion, timing and frequency of flooding (O’Connor, 2001). In our study, P. santaloïdes, C. lau-
rifolia and C. integrifolia are found more along the southern rivers of the study areas. their 
abundance in this sector is much linked to water availability which results from the rainfall in 
other places of the study areas. These species were ranked first among those listed to have an 
importance value (IV) in eastern central part of Benin, which presents the same climate feature 
(Ceperley et al., 2010). E. kerstingii, V. madiensis, D. oliveri and D. mespiliformis are most 
abundant in the northern part of the investigation areas along the rivers Gambara and Kom-
koumbou. This part is less moist than the south part because the rainfall is lesser there than in 
southern places. M. inermis was well represented in adjacent temporary flood plain in this area.
V. madiensis and D. oliveri were also described as species with important value (IV) in 
the north Sudanian sector in Burkina Faso (Sambare et al., 2011). However, in our study area, 
A. leiocarpa and P. erinaceus can be found in the gallery forest; these two species belong more 
to the contiguous dry dense forest around the stream forest, but in North Sudanian and South 
sahelian sector in Burkina faso, A. leiocarpa is well distributed. The distribution of the species 
followed the latitudinal, longitudinal and phytogeographical gradients (Petty & Douglas, 2010; 
Sambare et al., 2011). A. polyacantha willd which is recorded in our study as a species with 
minimal iv had a high iv in the savanna trees of riparian forests in serengeti national park, 
Tanzania (Sharam et al., 2009). The Miombo ecosystem (western Tanzania) which is at the 
low end of the precipitation gradient, presented Grewia bicolor and C. purpureiflorum as more 
frequent species along the stream forest (Banda et al., 2006).
the structure of the gallery forest in the sudanian climate sector showed an important 
dynamics of its tree species through a high potential of natural regeneration. the place occu-
pied by the individual trees with a diameter comprised between 0 and 30 cm, and height com-
prised between 0 and 15 m, highlights that this ecosystem is dominated by young trees.
The general tendency shown by the graph of diameter and height classes is very close 
to that obtained and described in gallery forest in the North Sudanian sector of Burkina Faso 
(Sambare et al., 2011). Our research has shown the predominance of mesophanerophytes and 
microphanerophytes which is well in line with the result got in Eastern Central Benin (Ceper-
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ley et al., 2010) where the height of the major tree species ranged between 2 and 10 m, and 
their diameter ranged between 10 and 40 cm. In the riparian forest, stands of A. polyacantha in 
Serengeti and in North-Eastern Swaziland (Monadjem & Reside, 2008; Sharam et al., 2009) 
present an average height alike to the height measured in our study.
When subjected only to natural disturbances, the structure in stream forest ecosystem 
presents a progressive growth; flood-formed wood piles re-organize the distribution of soil 
resources such as fine sediments, soil nutrients and soil moisture creating hotspots for easily 
regenerating stream ecosystem (Pettit & Naiman, 2005; Monadjem & Reside, 2008). The 
disturbances mainly caused by human activities are destructive, forming new features in the 
landscape.
As the riparian and stream forests in tropical savanna combine plants from various forest and 
savanna types they are more diverse than vegetation belonging to only one ecosystem, and provide 
more different food categories for a variety of animals than other forest types (Natta, 2003).
Threats are found to be numerous in riverside and sacred forests, although the timber 
harvesting in riparian forest have impacted its ecological functionality (Kokou et al., 2008). 
The activities such as farming, pasture, cutting down of trees and bush burning were found to 
be the major recurrent disturbances in this Sudanian area (Nacoulma et al., 2011), which has a 
negative impact on richness of the riparian forest due to its under-protection. agriculture in its 
various forms can be considered as the main threat of the riparian forest, leading to the forest 
destruction, degradation and rapid modification in land use (Beltrão et al., 2009; Lorion & 
Kennedy, 2009; Pramual & Kuvangkadilo, 2009). This uncontrolled activity along the rivers 
and streams of the savanna causes the lack or the absence of riparian forest marked by its clea-
ring, especially in the non-negotiated zone of the protected area. The bank of the river Kou-
mongou in this zone lost a high rate of its forest resources and place to farming activities. Bank 
erosion which is a natural process along rivers, and streams is accelerated in agriculturally 
dominated areas where streams are deeply incised as a result of human activities (Zaimes et al., 
2006). The current state of the gallery forest in this part of Togo raises the question of it sus-
tainable management in order to fully insure the function of this type of vegetation in the eco-
system services. The afforestation of the degraded bank in a vast framework of restoration was 
concluded in a previous research as the main way to restore and enhance the function of ripa-
rian forest under anthropogenic pressure (Heather et al., 2009; Kaase & Katz, 2011). Heather 
et al. (2009) found the pasture as a tool in forest regeneration. In general, for the framework of 
ecological restoration and protection, the practices involve management restrictions (Ice et al., 
2006) around streams, rivers, and ponds, to maintain riparian ecosystem functions, including 
shading, wood recruitment, nutrient uptake, sediment trapping, and channel stabilization.
riparian forests in the savanna area of togo, especially those which occur in its sudanian 
zone represent the evergreen vegetation type of this dry area. Their contribution in environ-
ment and ecological processes at the local scale could be consequential, mostly in the dry sea-
son when in the parched forests and woodlands, and shrubby savannas, ecosystem processes 
are reduced because of water stress issues. The stream and riparian forest implication in the 
ecological maintaining is so significant that it can explain the reasons of their invasion and 
threat by rural populations. Knowing this, a conservation and /or restoration plan is needed to 
improve their function within the framework of water, soils and forest preservation.
Our study allows a better understanding of the potentialities offered by the riparian forests 
in northern Togo. It also shows the serious threats faced by these ecosystems. In the context 
of environmental, economic and social issues, a better management and monitoring of these 
riparian forests will help to solve many problems and enhance this type of forest to become 
more a potential site for carbon sink and storehouse in this region which is more sensitive to 
climate variation at a national level.
Through its findings the present research wishes to make policy makers and managers of 
green spaces monitoring aware of the need to pay attention at the riparian ecosystems which 
resume the essential of forestry in this part of Togo. The sanctuaries of biodiversity that can 
be riparian forests and adjacent forests of streams and rivers play are of major importance in 
terms of nature conservation.
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